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The theory and practice of cladistics (phylogenetic systematics) is reviewed, with the further aim to introduce the 
reader to the most important literature and concepts. An attempt is made to cover most of the forms of analysis, without 
a partisan approach. The basic methods used in cladistics are presented in a simple form, and it is shown that many of 
the earlier problems in the methodology have been overcome. Cladistic studies on the southern African flora are 
highlighted. 
Die teorie en gebruik van kladistiek (filogenetiese sistematiek) word hersien, met die bykomende doel om die leser 
met die belangrikste literatuur en konsepte vertroud te maak. 'n Poging is aangewend om onpartydig die meeste tipes 
van analises te dek. Die basiese metodes wat in kladistiek gebruik word, word in 'n eenvoudige vorm weergegee en 
daar word aangetoon dat baie van die vroeere probleme oorbrug is. Kladistiese studies van die Suid-Afrikaanse flora 
word uitgelig. 
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Introduction 
Cladistics has over the last five years generally become ac-
cepted as a methodology in plant taxonomy, and many sys-
tematic and taxonomic papers published are now based on 
cladistic analyses. This is a dramatic development, as the 
first reviews of the methodology specifically for plant taxo-
nomy were only published a decade ago (Funk & Stuessy 
1978; Bremer & Wanntorp 1978), and the methodology 
was largely ignored until some five years ago. 
This success of cladistics may be due to the relatively 
simple methodology, that allows smaller data sets to be 
analysed manually. Once the principles underlying the ap-
proach are accepted, the method of analysis is easy to 
understand. It may also be due to the new insights into 
character evolution, biogeography, and the structure of 
classifications generated by this methodology. 
The cladistic programme is impressive: to reclassify the 
biota of the planet in the light of the new methods for ob-
jective reconstruction of their phylogenies. Much progress 
has already been made. Phylogenetic hypotheses have 
been published for the families of the monocotyledons 
(Dahlgren & Rasmussen 1983), and several analyses have 
been published of the relationships between the Crypto-
gams and the flowering plants (Mishler & Churchill 1985; 
Crane 1985a; Bremer 1985; Doyle & Donoghue 1986; 
Bremer et ai. 1987). Although the state of knowledge in the 
dicotyledons still precludes the preparation of an hypothe-
sis of the phylogeny of the whole group (Dahlgren & 
Bremer 1985), several studies have been published on 
families and orders (Rodman et ai. 1984; Cantino 1982). 
Cladistic analyses have been regularly used as a tool to ana-
lyse character suites and taxa at family, generic, specific 
and even infra-specific level. Over the past five years there 
has been a remarkable stability in the basic methodology. 
However, many concepts and methods are still being dis-
cussed. Prominent amongst these are: 
1. The stability or reliability of c1adograms. This includes 
issues such as the number of characters you need at each 
node, how many equally parsimonious trees there are, 
and confidence limits at the nodes; 
2. algorithms for the analysis of large data sets; 
3. the transformation of cia dog rams into formal classifi-
cations and how to treat paraphyletic groups; 
4. ontogeny and outgroup methods in character polariza-
tion; 
5. the integration of molecular sequence data into cladistic 
analysis; 
6. biogeography and 
7. character weighting, especially of parallelisms and re-
versals. 
There is still much confusion in the South African botani-
cal community on the appropriate methodologies, concepts 
and terminology to be used in botanical cladistic analysis. 
In this review I present a very simple outline of the 
methods, indicate its weaknesses and strengths, and 
suggest simple approaches to it. I do not wish to discuss the 
merits of cladistics versus evolutionary or phenetic taxo-
nomy; this subject has been much debated in the literature, 
especially in the pages of Systematic Zoology (see Vol. 28 
especially) . 
Cladistics has in the past, and still does, cause much 
heated debate. These arguments have spilled over into va-
rious journals, such as Taxon, Systematic Zoology, Cla-
distics and Systematic Botany. The intensity of the argu-
ments, often about very trivial points, sometimes fencing 
with straw-men, has made the theory and practice of cla-
distics opaque to ordinary plant taxonomists, and has often 
brought cladistics into disrepute. 
I use the term 'cladistics' throughout. As Mayr (1985) 
correctly points out, 'phylogenetic' refers to the totality of 
the evolutionary history of a group, and so includes both 
branching events (c1adogenesis) as well as evolutionary 
change within a lineage (anagenesis). Cladistics then refers 
only to the c1adogenetic or branching component of the 
phylogeny. 
Theoretical bases of cladistics 
The principles and methods of cladistics were first formula-
ted in the 1930's by the entomologist Willi Hennig. A com-
pilation of his views was published in 1950 (Hennig 1950), 
but until his work appeared in English (1965, 1966), it re-
ceived scant recognition. By 1970 it was being fiercely de-
bated, mostly in the zoological community. Although the 
first botanical cladistic paper appeared in 1968 (Koponen 
1968), the interest of the botanists was only raised 
somewhat later, and specifically botanical reviews of cla-
distics were published by Funk & Stuessy (1978) and ' 
Bremer & Wanntorp (1978). Since then several major texts 
have been published, summarizing the theoretical bases 
and applications of the methodology (Eldredge & Cracraft 
1980; Nelson & Platnick 1981; Wiley 1981; Humphries & 
Funk 1984). 
There are several different ways of defining the aims of 
cladistic analysis. Until eight years ago, it would have been 
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generally acceptable to state that cladistics was an attempt 
to reconstruct the cladogenetic component of the phylo-
geny of organisms being studied. The anagenetic compo-
nent (the amount of evolutionary change accumulated in a 
lineage) of the phylogeny is disregarded. Over the last de-
cade cladistics has been transformed from an evolutionary 
theory to a methodology (transformed cladistics) by Plat-
nick, Patterson and others (see Hull 1984). Transformed 
cladistics is the attempt to extract the pattern found in em-
pirical data, or character distributions, with no assumptions 
about the nature of the evolutionary process involved 
(Ladiges & Humphries 1983). This allows the use of the 
resulting cladograms to make hypotheses about the evolu-
tionary processes and biogeographic patterns, without be-
coming involved in circular arguments. In 'classical' cla-
distics (as formulated by Hennig) both monophyly and syn-
apomorphy (see Glossary) are based on the common an-
cestry of the taxa involved. In 'transformed' cladistics Pat-
terson (1981) argued that monophyletic groups should be 
defined by synapomorphies. Monophyly could be interpre-
ted to be due to common ancestry, but did not either theor-
etically or practically depend on it. 
The methodology shares with numerical systematics 
(Sokal & Sneath 1963; Sneath & Soka11973; McNeill 1979) 
the attempt to produce an operationally rigorous methodo-
logy. This implies the use of explicit, repeatable methods, 
which are usually performed by mathematical algorithms, 
on the basis of which organisms are classified. 
Cladistics, additionally, was based on the Popperian 
paradigm of falsifiability or at least testability of hypotheses 
(Platnick 1979). Every step should be exposed to potential 
falsification. The value of so closely adhering to Popper's 
(1968) principle of falsification has been extensively de-
bated (Kitts 1977; Cracraft 1978; Ruse 1979; Settle 1979). 
In classification, rather than cladogram construction, it 
might be found that the principle of falsification is overly 
restrictive (Ruse 1979; Hull 1979), and that Lakatos (1970) 
might provide a better model of science to follow (Bremer 
& Wanntorp 1979b). Ruse (1979) argues that a good theory 
should be consilient with numerous data sets. Kluge (1984) 
rephrases this by stating that a good cladistic result would 
be the ability to find congruence in complex data sets. This 
means finding that set of groups (cladogram, or classifica-
tion) that is most consistent with the data, so that the 
minimal number of ad hoc hypotheses of homoplasy has to 
be postulated. This is an empirical argument that most cla-
dists would accept. The cladogram or classification most 
congruent with the largest number of characters or data sets 
would be that cladogram or classification which contains 
the largest amount of information. This should also be ac-
ceptable to the pheneticists and classical taxonomists. 
In its original formulation, cladistics was based on a large 
number of restrictive premises, such as that speciation is 
dichotomous, that at speciation the parental or mother 
species disappears, leaving the two daughter species, that 
each species is defined by its own unique apomorphies 
(autapomorphies), that only strictly monophyletic taxa de-
fined by their own apomorphies may be recognized, and 
that sister groups must receive equal ranking (Hull 1984). 
However, with the progress of research, many of these pre-
mises have been found to be unnecessary, and indeed, 
overly restrictive. 
The two premises currently accepted as being necessary 
to conduct cladistic analysis are that evolution occurs at 
species level (speciation) or below species level (popUlation 
variation), and that each entity being analysed has a unique 
history (however, see the discussion below on reticulation). 
If evolution were to occur above the species level, then no 
cladogram would be recoverable from the data (see Brooks 
209 
& Wiley 1985), or the cladogram would show much homo-
plasy. Infra-specific taxa are not monophyletic, in the sense 
that they are at least theoretically capable of gene ex-
change. As a result their morphology does not necessarily 
reflect their unique history. Wiley (1979) stressed the im-
portance of being aware of the nature of the taxa used in a 
cladistic analysis. Bremer & Wanntorp (1979a) argued that 
the infra-specific taxa were not hierarchical under the bio-
logical species concept, and so cannot be displayed on a 
cladogram. However, Duncan (1980a) apparently success-
fully analysed infra-specific taxa in the Ranunculus hispidus 
complex. 
The species concept employed in practical cladistic ana-
lysis is not as simple as one could wish for. However, let it 
be assumed that species accumulate unique character 
states. At speciation, the daughter or off-spring species will 
inherit these unique character states. Then, an analysis of 
the hierarchy of unique character states reflects the phylo-
geny of the study group. This is clearly very simplistic, but I 
will deal with the problems later. 
Cladistics does involve quite a dramatic shift in several 
concepts which are basic for 'evolutionary' systematics. 
The first is the concept of the 'bauplan', the groundplan. 
According to this concept, there should be a species which 
only has primitive characters, whilst at the other end of the 
scale (the Scalae Naturae of older philosophers of the pre-
Darwinian era) are species which only have derived char-
acters. For holders of this concept, species which have a 
mixture of advanced and derived characters are peculiar, 
and a special name, heterobathmy (Takhtajan 1969), was 
invented for them. In cladistics, characters not species, are 
relatively primitive or advanced. 
The second is that characters have a large theoretical 
component, and are essentially low-level, complex, hypo-
theses. In both these concepts, cladistics presents a basic 
departure from phenetics and classical taxonomy. 
In evolutionary phylogenetic studies, the detection or 
postulation of ancestors plays an important role. However, 
logically, in the framework of cladistics, the ancestors of 
species cannot be known (Nelson 1979; Cracraft 1974; 
Hecht 1976). This has led to controversy, Bock (1974) and 
Szalay (1977) maintaining that ancestor recognition is an 
important part in phylogeny reconstruction. Engelmann & 
Wiley (1977) show that within a Popperian framework an-
cestors cannot be demonstrated, as they will resolve as sis-
ter groups. Subsequently, several studies have included 
presumed ancestors in sister-group analyses (Doyle & 
Donoghue 1987; Vrba 1979; Linder 1987). The earlier 
theoretical problems concerning ancestors have now 
largely disappeared. 
Basic cladistic methodology 
Cladistic method may be briefly summarized as follows: 
1. Collect the basic data about the taxa as in any other taxo-
nomic study, producing lists of characters, which are 
then scored for presence in all the taxa of the study 
group. 
2. Examine the characters and group them into characters 
and character states, which are comparable across the 
whole study group. This implies the erection of initial 
hypotheses on the homologies of the characters. 
3. Establish hypotheses on the transformation of the char-
acters, i.e. determine the polarity of character evo-
lution. 
4. Infer a cladogram (hypothesis of cladistic relationships) 
for the taxa in the study group. 
5. Use the cladogram to assess the hypotheses on polarity 
and homology about the characters, and repeat the pro-
cess, until the best corroborated cladogram(s), i.e. the 
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most congruent character distribution, has (have) been 
obtained. 
Characters 
Theory of cladistic characters 
In phenetic taxonomy characters are ideally simple empiri-
cal entities. They consist solely of observation, and are 
termed 'unit characters'. These are defined by 1:1 cor-
respondence, and are called 'isologous'. The central role of 
homology determination is not made explicit, and this fail-
ing is to be overcome by using a large enough data set 
(Sneath & Sokal 1973). In cladistic studies characters are 
complex. They have a large theoretical content, and may be 
regarded as 'low-level hypotheses' (Neff 1986). The theo-
retical content is contained in hypotheses of polarity and 
homology. There is a close link between homology, syn-
apomorphy and cladograms. This is the link by which the 
character hypotheses are exposed to falsification. In phe-
netic taxonomy characters are never exposed to falsifica-
tion within the context of the classification. 
Characters change during evolution. The initial or 
primitive character state is termed plesiomorphous. There 
are several ways in which the plesiomorphous state can be 
defined. It is that state which is found or has been inferred 
to have been present in the most recent ancestor of the 
taxon under study. It could also be said to be that state 
which defines a group larger than and containing the group 
to be characterized (see e.g. Brady 1983). The derived 
character state is termed apomorphic. This occurs in one or 
more species in the taxon under study, or defines the group 
to be characterized (see e.g. Brady 1983). Plesiomorphy 
and apomorphy are thus relative concepts, with the plesio-
morphic condition defined either as preceding the apo-
morphic state in time, or as defining a group (set) including 
the group (set) defined by the apomorphic state. 
Synapomorphy is the same as homology (see Stevens 
1984). Patterson (1981) and Humphries & Funk (1984) give 
excellent discussions on the nature of homology in cladistic 
theory. Homology is the relation which characterizes 
monophyletic groups. It is tested by three criteria: two 
homologues cannot occur in the same organism; homo-
logues are similar in structure, nature and relative position; 
and homo logs will be congruent on a parsimonious clado-
gram. The first criterion has rarely been used explicitly in 
botanical studies. However, it is of great value. Ladiges 
(1984) used this criterion in determining the homologies in 
the glands and trichomes of the Myrtaceae. The second 
criterion is most commonly employed, and is the only crite-
rion used in evolutionary and phenetic studies. This crite-
rion is the starting point for most of descriptive taxonomy. 
Homologies postulated on the similarity criterion are then 
tested for congruence with the totality of evidence on the 
phylogenetic relationships in the study group (Doyle & 
Donoghue 1986). If found to be incongruent, then they are 
not synapomorphies on the cladogram, and therefore not 
homologues. If congruent, they are synapomorphies, and 
so homologues. Symplesiomorphy and synapomorphy are 
terms for homologies which stand in hierarchic relation to 
one another, with synapomorphies defining subsets of the 
sets defined by relatively symplesiomorphic character 
states. Ladiges & Humphries (1983) applied this approach 
to a study of the eucalypts. 
Character states can be presented as character evolu-
tionary trees, which may be linear, branching or radiating 
(Marx & Raab 1972; Hecht 1976). No matter what the 
topology is of tpe character tree, the relationship between 
plesiomorphy and apomorphy remains the same. On a 
complex character tree, many such relations can be iden-
tified. There are several ways in which a complex tree can 
S.-Afr. Tydskr. Plantk., 1988, 54(3) 
be coded (e.g. Doyle & Donoghue 1986). The type of cod-
ing would depend on which computer system is being used, 
the coding can be arranged to indicate different patterns in 
the character tree (see Figure 1). 
c C D 
i 
"'/ B B~C B i 
"'/ i A A A 
1.1 1.2 1.3 
Figure I Character trees and coding. 1.1 is a linear character tree. 
This can be coded as in Table 1. 1.2 is a tree in which evolution can go 
from A to B or to C, or from B to C and visa versa. The coding can be 
as in Table 2, but using x is only possible with some programmes. 1.3 is 
a branching character tree, which can be coded as in Table 3. 
Table 1 Coding for 1.1 
A 
B 
C 
Table 2 Coding for 1.2 
A 
B 
C 
Table 3 Coding for 1.3 
A 
B 
C 
D 
o 
1 
1 
1 
o 
1 
1 
o 
1 
x 
o 
o 
1 
o 
Criteria for establishing character polarity 
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The 'polarity' of a character refers to which state is postula-
ted to be 'primitive' or plesiomorphic, relative to which the 
other state(s) would be 'derived' or apomorphic. 
Criteria for establishing polarity in the character trees 
have been much discussed in the literature (Sporne 1956; 
Hennig 1965, 1966; Hecht 1976; Marx & Raab 1970, 1972; 
Estabrook 1972, 1977; Moffatt 1973; Sneath & Soka11973; 
Stebbins 1974; Kluge 1976; Kluge & Farris 1969; Lundberg 
1972; Stuessy 1979; for reviews, see Stevens 1980; Crisci & 
Stuessy 1980; Stuessy & Crisci 1984; Watrous & Wheeler 
1981; Humphries & Funk 1984). 
In the earlier literature several criteria were suggested, 
and used, which are now discredited. Prominent amongst 
these are the following: 
1. Character specialization. This criterion relies to some 
extent on assumptions concerning the evolutionary pro-
cess. Although some of these assumptions may be valid 
in some circumstances, they have numerous exceptions. 
There are three variations to this postulate. 
1.1 Character states may be adapted for specialist roles. 
This argument could be faulty, as it depends on as-
sumptions of adaptation, which could be difficult to 
corroborate (Gould & Lewontin 1979). 
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1.2 Geographic restriction was used by Crisci (1980) and 
Judd (1979). This is similar to the progression rule of 
Hennig (1966). This argues that the more primitive 
character states should have the widest distribution 
area, and should be in the 'area of origin' of the genus, 
while more derived character states should occupy the 
more peripheral distributions. The logic of this is 
faulty, as there is no absolute reason why derived char-
acter states should be geographically restricted. 
1.3 Bremer and Wanntorp (1978) suggested that the re-
cognition of 'obviously irreversible steps in the trans-
formation series' could also indicate apomorphy. This 
argument may be based on our 'ideas' of how evolution 
should proceed, and so does not form a sound basis on 
which to polarize characters. 
2. Character correlation was developed in detail by Spome 
(1956). It suggests that suites of plesiomorphic or apo-
morphic character states frequently co-vary. If the pola-
rity of one suite can be demonstrated, the other suites 
are likely to have the same polarity. Moffatt (1973) 
critized this method, primarily because it is statistical , 
leaving a large margin of error. The method may have a 
large mistake rate , and cannot be recommended. 
3. The importance of the fossil record is frequently men-
tioned, but is rarely used (but see Moffatt 1973; Vrba 
1979). For botanical studies the poverty of the fossil re-
cord almost precludes its use . The method is suspect, as 
even if one state of a character is found in a fossil, it 
cannot be determined that the other state did not exist in 
an older, but unfossilized organism (Wheeler 1981). 
4. In-group comparison was commonly used in early bota-
nical cladistic studies (e.g. La Duke & Crawford 1979), 
although the method is highly suspect. In this method 
the character distribution is mapped within the study 
group, and common is equated with plesiomorphic. Stu-
essy & Crisci (1984) defend this method in detail. How-
ever, there are major objections to this criterion 
(Lundberg 1972; Stevens 1980). If the apomorphic state 
evolved early in the diversification of the group , it is 
likely to be more common than the plesiomorphic state. 
Stebbins (1974) even suggested that the apomorphic 
states may be generally more common than the plesio-
morphic states in groups. The presence of three 
(common and derived) rather than six (rare and primi-
tive) anthers in grasses is a good example . 
At present only two criteria are used generally in es-
tablishing character polarity. 
Outgroup comparison 
Outgroup comparison was described in detail by Watrous 
& Wheeler (1981) and Maddison et ai. (1984) , but even be-
fore then was considered to be the most acceptable crite-
rion (Stevens 1980). Basically, in this method the plesio-
morphic character state is the one held in common with the 
sister group (outgroup) of the study group. The outgroup 
ideally must be the clade that originates below the im-
mediate common ancestor of the groups composing the in-
group, and preferably immediately below (so it would be 
the sister group of the study group) . The plesiomorphic 
state must therefore (barring convergence, parallelism, re-
versal, or mistaken homology) have occurred in the 
common ancestor of the study group and its sister group 
(see Figure 2) . Many of the components of the older 
methods can be shown to be versions of outgroup compari-
son. For example, if a structure is a specialization for a 
peculiar adaptation or function, then that state would not 
exist in the sister group, but the basic state from which it 
evolved would. Irreversible evolutionary steps would also 
show up by outgroup comparison. So outgroup comparison 
OUT GROUP STUDY GROUP 
B D 
r OG r IG 
D 
OUT GROUP 
B 
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Figure 2 Character polarization by outgroup comparison. The out-
group (sister group of the study group) is A,B; the study group is 
C,D,E. 2.1, Character state distribution , with one state (thin line) 
occurring in the outgroup and in one taxon of the study group , while 
the other state (thick line) occurs in two taxa (D ,E) of the study 
group. 2.2, This suggests that 'thin line' existed in the common ances-
tor of A ,B,C,D,E, while ' thick line' evolved in the common ancestor 
of D,E. 'Thick line' is therefore the apomorphous condition. 2.3, 
Similarly, C can function as the outgroup for D,E , but as C is part of 
the study group , it is called the functional outgroup (FOG) , compared 
to the functional ingroup (FIG), consisting of D,E. 
includes all valid results that may be achieved by using the 
first three methods of analysis, as well as some others. 
Stuessy & Crisci (1984) argue that there are weaknesses 
in the outgroup analysis . They suggest that it is conceptu-
ally similar to ingroup analysis. This is incorrect, as out-
group analysis rests on a more elaborate foundation, where 
the outgroup is subtended by an evolutionary hypothesis. It 
therefore uses deductive logic, while the ingroup method is 
more empirical, and uses inductive logic. They also indicate 
that it is often, especially in botanical studies, difficult to 
determine the outgroup. However, two methods have been 
developed to assist in this problem. 
Watrous & Wheeler (1981) suggested a further modifica-
tion of the outgroup comparison, by introducing 'func-
tional outgroup analysis' (FOG) . By this system the study 
group is split by a set of likely synapomorphies, and the sec-
tion ,lacking these synapomorphies is used as a functional 
outgroup to a more restricted study group (the functional 
ingroup) defined by those synapomorphies (see Figure 2) . 
Functional outgroups are not as satisfactory as sister 
groups, but allow penetration into the problem where no 
sister group(s) can be determined. This method was ef-
fectively used by Kallersj6 (1985). In her study of the gene-
ric delimitation of Athanasia (Asteraceae) and its allies, the 
Anthemidae were used as outgroup to establish the re-
lationships between Ursinia, Lasiospermum and the Atha-
nasia group, and then Ursinia and Lasiospermum were used 
as functional outgroup for the Athanasia group. Linder 
(1984) also established Staberoha and Ischyroiepis (Res-
tionaceae) as the functional outgroup for the rest of the 
African Restionaceae. 
Donoghue & Cantina (1984) formalized a method used 
by Cantino (1982) and Donoghue (1982) , which they call 
'outgroup substitution'. This deals with the situation when 
several outgroups are possible. They show the effects of 
changing the outgroups, and suggest that 'analyses be run 
with each of the outgroups in tum. From the several cla-
dograms so prepared, areas of congruence can be obtained, 
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These then indicate robust areas in the c1adogram. In prac-
tice, many studies include several analyses using various 
taxa as outgroups (for example Eckenwalder & Barrett 
1986). This is done especially where there may be doubt 
about the correct outgroup. 
Ontogenetic criteria 
The ontogenetic criterion was first developed by Nelson 
(1978). If there is a change in structures during their onto-
geny, the less general (more specialized) is derived from the 
more general (less specialized) character. This is commonly 
called 'von Baer's biogenetic law'. In the last few years the 
use of ontogenetic criteria has become popular for use in 
polarizing characters (Nelson 1985; Kluge 1985; O'Grady 
1985). However, ontogeny is complex, and simple re-
capitulation cannot be assumed. O'Grady (1985) gives an 
excellent review of the ways in which ontogeny operates. 
Ontogeny may in some instances give information on pola-
rity, which cannot be obtained from outgroup analysis, but 
generally all ontogenetic information is also contained in 
outgroup comparison. However, the arguments relating to 
the use of ontogenetic criteria are still developing, and it 
may be too early to formulate fixed opinions on this sub-
ject. Ontogenetic data have generally not been very useful 
in botanical studies, but have recently been the' focus of 
much attention (see Humphries in press). 
Ontogenetic data may be useful in testing the homologies 
between characters, without actually establishing pola-
rities. Linder (1984) used ontogenetic criteria in establish-
ing hypotheses of homology in seed-coat characters in the 
African Restionaceae, by comparing the integumental ori-
gins of various functional seed-coat layers. 
Character incongruencies 
When several characters for a set of taxa have been ana-
lyzed, it is often found that they do not all support the same 
c1adogram, that is, they are not all congruent on the c1ado-
gram. Incongruencies are caused by homoplasy (i.e. paral-
lelisms, convergences, homoiologies, reversals) or faulty 
hypotheses of polarity (Vrba 1979). A character (in a cla-
distic study a synapomorphy) constitutes an hypothesis on 
the homology of the character in the various taxa included 
in the study group as a 'low-level hypothesis' (Neff 1986). If 
a character is not congruent on the c1adogram, the hypothe-
sis of homology has been falsified, and the character should 
be studied in more detail, to determine if it is possible to 
corroborate the falsification on other criteria (polarity, 
similarity, ontogeny). Funk (1985a) lists cases where char-
acters which were incongruent on c1adograms, could be de-
monstrated to be non-homologous by other criteria. It is 
then possible to erect other hypotheses of homology, and 
re-use the characters in new analyses. 
Character weighting 
Discussion of character weighting has only recently ap-
peared in the cladistic literature (but see Systematic Zoo-
logy, Vol. 35). At a superficial level, it may be argued that 
synapomorphies carried a weighting of unity, while sym-
plesiomorphies carry zero. Weighting is, however, gene-
rally used in a more subtle way. Eldredge & Cracraft (1980) 
stated the principle that every synapomorphy is worthy of 
consideration. Wheeler (1986) suggested that weighting is 
employed when homoplasy prevents the resolution of the 
c1adogram. However, a perusal of the literature indicates 
that this is not the case. Hennig (1966) suggested restudying 
the postulated synapomorphies in the case of homoplasy. 
Neff (1986) formalized this further by indicating that since 
characters are compound hypotheses of homology and 
apomorphy, these hypotheses may be strongly or poorly 
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corroborated, and this gives an indication of the weighting 
that needs to be employed. 
In the older literature several 'rules of thumb' are indica-
ted for deweighting characters: relatively low complexity of 
the characters, supposed simple transformations (relative 
ease of the evolution) of the characters (Hecht 1976; Linder 
1984), loss characters (Cantino 1982). Patterson (1981) 
argued that a priori weighting (using the criteria listed 
above) assumes prior knowledge of how evolution pro-
ceeds. This is unnecessary, as characters that are congruent 
with other characters will form groups, and so be auto-
matically, a posteriori, weighted. 
Apomorphic tendencies 
Cantino (1982) suggested using 'apomorphic tendencies' 
for grouping. An apomorphic tendency occurs when an 
apomorph evolves in parallel within two or more mono-
phyletic groups. The apomorphic state does not occur in all 
species of the terminal group, which suggests that the an-
cestors of these groups both had the plesiomorphic charac-
ter, and the same apomorphic derivative developed inde-
pendently in the two groups (Figure 3). This suggests some 
underlying genetic similarity, and may therefore be used as 
evidence of relationship. Brundin (1976) developed a simi-
lar concept, which he called 'unique inside parallelism', 
while Saether (1983, 1986) called it 'underlying syn-
apomorphy'. Cantino (1985) suggested that a better name 
may be 'non-universal derived state'. Apomorphic ten-
dencies may be regarded as a special type of homoiology. 
They appear to be of widespread occurrence. The usage of 
apomorphic tendencies for inferring phylogeny has been 
criticized by Rasmussen (1983) and Farris (1986). Rasmus-
sen (1983) suggested that it would be very useful to add 
these characters onto the c1adogram after its completion -
they would be characters that are so poorly corroborated 
that they cannot stand by themselves. 
A B c D f 
Figure 3 Apomorphic tendencies. Groups A,B,C and D,E,F are 
based on characters 1 and 2 respectively. Character 3 evolves inde-
pendently in both groups - this is said to be an 'apomorphic ten-
dency'. If it was based on mistaken similarity, it would be a 
parallelism. 
Non-unique apomorphies 
Non-unique apomorphies are widely used. Most characters 
have evolved several times. Warm-bloodedness evolved in-
dependently in birds and mammals, inferior ovaries 
evolved numerous times in the Angiosperms, as have fused 
perianth lobes, etc. The extent to which such characters can 
be used has been debated heatedly. Duncan (1984) suggested 
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that their use should be restricted, while Churchill et al. 
(1985) and Farris & Kluge (1985) argued for their use. 
Duncan (1986) made it clear that it was relative: if a charac-
ter evolved in two quite distinct phyletic lines (such as 
warm-bloodedness), it can certainly be used within each 
line to group taxa. If a character evolved several times 
within the study group, then it should not be used. 
Churchill et al. (1985) and Farris & Kluge (1985) argue that 
all characters should always be used, simply because you 
cannot a priori know whether an apomorphy evolved once 
or several times within the study group. 
Cladogram inference 
There are several methods of cladogram inference. Some 
of these are not disputed, while others have been surroun-
ded by heated controversy for some years. The basic ap-
proaches have not changed much since the able review of 
Funk & Stuessy (1978). However, the details of the algo-
rithms, and the general power of computing systems and 
their general accessibility, has led to great developments in 
the various computerized approaches. The following basic 
methods can be recognized. 
Hennig's argumentation scheme 
The argumentation scheme is the basic manual method that 
is most commonly used. It is conceptually basic to all cla-
distic methods and was first proposed by Hennig in 1966. 
Synapomorphies are arranged in a hierarchical fashion, 
with those grouping two taxa included in those grouping 
larger numbers of taxa. The result, when all syn-
apomorphies are included in the scheme, would be a hier-
archy of monophyletic groups, in which all taxa would be 
included. This hierarchical structure is a c1adogram. This 
c1adogram is then rearranged, and different combinations 
of sister groups and characters are used, until the scheme 
which results in the least number of postulated reversals, 
homoplasies or convergences is found (Figure 4). If all the 
data are congruent, then there will be a c1adogram with no 
postulated homoplasies. The number of synapomorphies 
supporting any group merely indicates the certainty with 
which it can be said to be a monophyletic group, as each 
synapomorphy is a corroborating instance. This method is 
simple, and has been used extensively (Bremer & 
Wanntorp 1978, 1979b; Bremer 1976, 1978a, b; Humphries 
1979; Vrba 1979; Hecht 1976; Linder 1984, 1986; Wiklund 
1985; Kallersjo 1985). 
A B c D 
Figure 4 Hennigian argumentation scheme. Apomorphous states 
are indicated by solid lines. Each group is based on a synapomorphy: 
A,B,C,D on 1; B,C,D on 2 and C,D on 3. 
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The basic argumentation scheme of Hennig cannot re-
solve complex in congruencies in large data sets in a 
rigorous fashion, as it is impossible to manually derive the 
most parsimonious c1adogram (Platnick 1987), It is invari-
ably found that not all characters support the 'best fit' c1a-
dogram generated. Funk & Stuessy (1978) suggest that as 
more taxa and characters are employed, more incongruent 
characters will be found. Hecht (1976) considers that incon-
gruent characters cause most problems between generic 
and ordinal levels. The percentage of incongruent char-
acters seems to vary between 40% (Vrba 1979) and 80% 
(Stuessy 1979). 
Hennig (1966) suggested that incongruencies be resolved 
by further study of the synapomorphies. If such further 
study still fails to achieve a resolution, then a choice has to 
be made among various competing c1adograms and ad hoc 
hypotheses of homoplasy. This can only be done by using 
the criterion of parsimony. Parsimony has been much mis-
understood. Kluge (1984) shows that there are basically 
two interpretations of the concept. The first is an ontologi-
cal concept, namely that evolution is parsimonious, and 
that homoplasy is consequently limited. Kluge (1984) calls 
this 'evolutionary parsimony'. The second is methodologi-
cal parsimony: 'the principle of tailoring theories to fit 
known facts' (Kluge 1984) or tailoring theories to minimize 
the requirements for ad hoc hypotheses of homoplasy 
(Farris 1983). This is popularly known as 'Occam's razor'. 
Note that no assumptions about evolutionary parsimony 
are made. Methodological parsimony is used in cladistic ' 
analyses. 
Parsimony methods 
Parsimony methods are based on constructing the shortest 
tree or c1adogram. This is interpreted as the c1adogram with 
the smallest number of character transformations from one 
state to another (evolutionary events) (Figure 5). These 
can be constrained to the evolution of new states (i.e. no 
reversals allowed), or the evolution of states several times 
(convergences), or any other combination desired. There 
are a large number of different parsimony approaches, but 
the two best known are the Wagner groundplanldivergence 
(GPD) methods and the closely related Wagner parsimony 
programs of Farris and co-workers. 
The Wagner groundplanldivergence method was deve-
loped by Wagner in the 1950's as a teaching aid, and was 
used and published by Hardin in 1957. The method is very 
simple: (1) assign apomorphic and plesiomorphic states to 
characters: plesiomorphic = 0, apomorphic = 1; (2) calcu-
late the divergence index for each taxon by adding up the 
number of apomorphs; (3) place each taxon on a concentric 
circle to graphically display the divergence of the taxon 
from the common groundplan; (4) join together the two 
taxa that share the largest number of apomorphs, indicate 
the junction at its own divergence level with an hypothetical 
unit; (5) repeat until all taxa are joined into a tree. Wagner 
(1980) discussed his method in detail. This method was 
used by several botanists (Hardin 1957; Judd 1979; Solbrig 
1970), but appears to be out of fashion. Its use has been 
reviewed by Churchill et ai. (1985), who suggest that it has 
lost popularity because the results are so similar to Hennig's 
methods. Wagner (1984) shows further developments of 
the basic method, especially in ways of presenting data. 
The Wagner groundplanldivergence method is interesting 
as it includes both anagenic and c1adogenic information, 
without confusing the two components. 
Farris (1970) developed computer programmes for the 
Wagner groundplanldivergence methods. Wiley (1981: 
180-183) described the basic method as follows: 
1. Specify a sister group. 
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Figure 5 Methods of analysis. The data are given in Table 4. Thick 
line indicates apomorphies, thin lines plesiomorphies, and horizontal 
s-lines reversals. 5.1 and 5.2 both have 8 evolutionary events. Charac-
ter 7 is homoplasious on this cladogram: in 5.1 it is postulated to be a 
convergent event, while in 5.2 it is postulated to have a reversal. In 5.3 
another cladogram topology is tried, but it is longer, with homoplasies 
postulated for characters 3 and 4, and a length of 9 evolutionary 
events . In a compatability analysis, it will be seen that the largest 
clique supporting 5.1 and 5.2 includes [1,2,3,4,5,6] (i.e . 6 characters) 
while the clique supporting 5.3 is [1,2,5,6,7] (i .e. 6 characters). 
Table 4 Distribution of characters for Figure 5. '1' indi-
cates the presence of the character (apomorphic) while '0' 
indicates its absence (plesiomorphic) 
Taxa A B C D 
Characters 1 0 1 1 1 
2 0 1 0 0 
3 0 0 1 1 
4 0 0 1 1 
5 0 0 1 0 
6 0 0 0 1 
7 0 1 1 0 
2. Calculate the difference between every taxon in the 
study group and the sister group by summing the charac-
ter-state differences between them. 
3. Link the taxon with the smallest difference from the sis-
ter group to the sister group, so creating an interval be-
tween the two. 
4. Find the next taxon that shows the least difference from 
the sister group by inspecting the previous com-
putations. 
5. Find the interval that shows the least difference from 
this selected taxon by computing the difference between 
the selected taxon and the interval of each taxon that is 
already connected to the tree, and connect it to this in-
terval by constructing an hypothetical common ancestor. 
6. If any taxa are left, go back to (4). 
Brooks (1984) gives a manual version of the Wagner 
algorithm, explained in English, rather than in mathema-
tics. He also describes how the manual method relates to 
the computerized methods, which use computational short 
cuts. Later developments of the computerized programme 
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provided additions to speed up the computation, and to im-
prove the results. The method usually results in the produc-
tion of numerous trees of very similar length. At present 
most methods (i.e. PAUP, PHYSYS) include the branch 
and bound algorithm of Hendey & Penny (1982), which at 
present is the most efficient approach to finding the shortest 
tree (Platnick 1987). This method determines the length of 
the shortest tree calculated at any given stage of the com-
putation (the bound), and stops the generation of any new 
branch as soon as it exceeds this minimum length. This 
enormously reduces the number of trees that need to be 
generated. 
Parsimony has been criticized for constructing the 
shortest tree, rather than forming hierarchical structures of 
monophyletic groups based on synapomorphies. Parsi-
mony methods under some circumstances will form groups 
based on repeated reversals, where slightly longer trees will 
have all groups based on unique synapomorphies. Nordal 
& Duncan (1984) in a controversial comparison of parsi-
mony and compatibility methods in a study of Haemanthus 
and Scadoxus argued that the compatibility methods gave 
evolutionarily more plausible results. Another problem 
with parsimony analysis is the production, for any given 
data set, of often numerous equal-length trees. Although 
these often have somewhat different topologies, many con-
sist of the same topology, but with the characters distribu-
ted somewhat differently at the nodes. 
These methods have been much discussed in the liter-
ature (Kluge & Farris 1969; Lundberg 1972; Kluge 1976; 
Farris 1970,1972,1973; Funk & Stuessy 1978). There are at 
present several packages available that present these 
methods. Most of these packages for use on mainframe 
computors (WAGNER 78, W AGPROC, PHYLIP and 
PHYSIS) were compared by Luckow & Pimentel (1985), 
who also make interesting and valuable comments on the 
constraints under which the various packages function. 
Platnick (1987) compared the most popular packages avail-
able for micro-computors (PHYLIP and PAUP). The most 
popular package at present is probably PAUP (phyloge-
netic analysis using parsimony) of Swofford. There are 
numerous published botanical taxonomic papers which 
have successfully used these packages (e.g. Hart 1985). 
Compatibility methods 
The compatibility methods work by establishing groups of 
taxa on the basis of groups of congruent characters, called 
'cliques'. This method was developed from the 'uniquely 
evolved character concept' of Le Quesne (1969) by Esta-
brook (1972, 1978). Compatibility can be regarded as a 
form of parsimony which does not count the changes in 
state of the characters, but by the number of characters 
which require one or more extra changes of state. The 
phylogeny is found which has the largest set of characters 
which are all compatible (Felsenstein 1984). It can also be 
phrased as being the method that maximizes the number of 
supporting characters for a cladogram (Estabrook 1978). 
These characters are then regarded as 'true', and all belong 
to the same 'clique'. Meacham (1980) gives a good detailed 
description of the method (see Figure 5) . The method is 
criticized severely for only using a small portion of the data 
set, as all characters which are not congruent with the final 
'clique' are regarded as 'false' and are discarded (Baum 
1984), while in parsimony analysis all characters are used, 
by allowing hypotheses of reversals, convergences, etc. 
(i.e. homoplasy) to explain all of the characters. However, 
by using a system of 'primary', 'secondary', etc. clado-
grams, a much larger data set can be employed. Duncan 
(1980a) explained the method in some detail, and it has 
been used e.g. by Nordal & Duncan (1984). The primary 
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A B c D 
Figure 6 Convex groups. B,C is a convex group: its elements can all 
be connected by an unbroken line. It is clearly a paraphyletic group, as 
D is not included. The group B,C,D would be monophyletic. 
analysis is run using the outgroup to polarize the characters 
of the whole study group. The sister groups identified on 
the primary tree are used as outgroups for the possible re-
coding of the characters rejected by the primary analysis as 
being homoplasious. These characters are then used in a 
secondary analysis to resolve relationships on smaller and 
smaller branches of the tree (Strauch 1984). This allows the 
use of characters which are homoplasious for the study 
group as a whole. The primary, secondary, and other clado-
grams are then integrated into one final cladogram. This 
differs from functional outgroups, because by integrating 
the primary, secondary and tertiary cladograms, grouping 
may be effected by characters which are plesiomorphic 
within the study group. Usage has been by Meacham 
(1980), Estabrook & Anderson (1978), Nordal & Duncan 
(1984) and Duncan (1980a, b). 
Software which include compatability methods are 
CLINCH and PHYLIP. 
Cladograms, phylogenies and classification 
The distinction between cladograms, phylogenies, classifi-
cations and evolutionary scenarios was much discussed in 
the last decade (Cracraft 1974; Hull 1979; Eldredge 1979). 
This was partially philosophical, to establish the differences 
between analytically rigorous results (in cladograms), and 
more speculative results (in evolutionary scenarios). How-
ever, the various terms are often not used in a rigorous 
fashion, so that 'cladograms' and 'phylogeny' are often in-
terchanged, and 'phylogeny' and 'evolutionary scenarios' 
as well. 
Cladograms 
Cladograms are the result of cladistic analysis, and all de-
tails in the cladograms should be explicit and falsifiable. 
They are empirical pattern analyses, based on characters 
found in the plants. Ecological or geographical data are not 
used in cladograms, as they constitute data extrinsic to the 
organisms being classified. 
Phylogeny 
The phylogeny or a phylogenetic tree is a reconstruction of 
the phylogenetic history of the group under study. It uses 
the cladogram as basic data, but other data sources (such as 
anagenetic distances) may be used, and assumptions re-
garding rates of evolution, of hybridity, or the processes 
involved, are made. To analyze the geographic history of 
the group, distributional data are added. This has blos-
somed into the field of vicariance biogeography (see Nel-
son & Rosen 1981; Nelson & Platnick 1981) or cladistic 
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biogeography (Humphries & Parenti 1986). Similarly, 
adaptations can be studied by superimposing environmen-
tal factors over the cladogram. Linder (1987) added fossil, 
distributional and ecological data to a cladogram to pro-
duce a phylogeny of the Poales. 
Evolutionary scenarios 
The evolutionary scenario (Eldredge 1979) is a story, or 
narrative, of the postulated evolution of the group. It re-
quires information beyond the available empirical data. 
Thus, it is interpretative and is undertaken to provide a 
general theory in the light of geographical, ecological, func-
tional, populational, and other ideas. It, in a way, reflects 
our understanding or concept of the evolution of the group. 
It is very similar to phylogenies, but is more narrative. 
Classifications 
The relationship between a cladogram and a classification 
has been much argued. McNeill (1979) said that classifi-
cations should be phenetic, and that cladistics should only 
be used to construct a phyletic tree. This notion was based 
on the assumption that phenetic classifications would be 
more efficient in reflecting the largest amount of informa-
tion about a group. However, there appears to be strong 
evidence to suggest that genealogical data may give a better 
reflection of genetic similarity, than phenetic data (Phillips 
1984). 
In the strict Hennigian system, classifications should 
meet two criteria: all taxa should be monophyletic, and the 
classification should be constructed in such a way to reflect 
all the information in the cladogram, so that the cladogram 
can be read directly off the classification. 
The monophyletic criterion has been criticized, or been 
found difficult to apply, at two levels. It has frequently been 
found that terminal taxa cannot be demonstrated to be 
monophyletic, but at the same time there are no data 
demonstrating that they are paraphletic or polyphyletic. 
Linder (1984) used such terminal taxa (i.e. Hypodiscus). 
Bremer (1985) named such taxa 'paraclades' while Mishler 
& Brandon (1987) call these 'metaphyletic taxa'. Species 
are frequently metaphyletic ('metaspecies'). In the original 
Hennigian framework, each species should be char-
acterized by an autapomorphy. This is related to the con-
cept of speciation by bifurcation, with the 'extinction' of the 
parent species. Both daughter species are separated from 
the mother species by the possession of their autapomor-
phies, while the autapomorphies of the mother species 
have become the synapomorphies of the two daughter 
(now sister) species. However, it has become common 
practice to have terminal species which do not have autapo-
morphies, and which are consequently technically para-
phyletic assemblages (see Figure 7). Autapomorphs may 
exist or the metaspecies may be unresolvable para phyletic 
units. 
Duncan (1980b) suggested that non-terminal taxa need 
not be monophyletic either, and argued for the acceptance 
of both monophyletic and paraphyletic taxa. This has been 
the practice of evolutionary taxonomists for decades. Ex-
amples would be the Pteridophyta or the algae. Duncan 
(1980b) suggests using the 'convexity criterion' (Figure 6). 
He attempts to develop classifications which are 'con-
sistent' with the cladogram, rather than to reflect it. 
'Convex' taxa occupy branches on a cladogram that can be 
linked by an unbroken line. Phillips (1984) discusses these 
proposals in detail, but they are not accepted generally by 
cladists using parsimony methods. 
The attempt to make classifications so that the clado-
gram can be read directly off them has only been possible 
by convention. Hennig (1966) suggested that all sister taxa 
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Figure 7 Species. It is clear that only species A is supported by a.n 
autapomorphy (1), species Band C are essentIally paraphyletIc 
assemblages. 
should receive the same nominal rank. This would allow all 
the cladistic information to be read directly off the clado-
gram. However, this leads to an incredible multiplication of 
categories (see Bremer & Wanntorp 1981) . Various 
schemes have been proposed to cope with this problem. 
The sequencing convention of Nelson (1974) is probably 
the most widely used. Cladistic information is stored in the 
sequence in which the taxa are listed. in the classificatio~. 
This list or sequence of taxa is placed m the same categon-
cal rank, so that each taxon is the sister group of all the 
following at the same rank. Wiley (1979, 1981) discusses 
the sequencing criteria in detail, and Humphries & Funk 
(1984) give good examples of phylogenetic sequencin.g 
(Figure 8). In traditional classification a similar approach IS 
generally used, with taxa sequenced either from 'primitive' 
to 'advanced', or from simple to complex. 
The practical problems of basing a Linnaean classifica-
tion on a cladistic treatment have been discussed since the 
middle of the 1970's. Farris (1976) suggested that the mini" 
mum taxonomic decisions should always be made to con-
struct or modify a classification. Therefore, taxa will be re-
tained at their traditional ranks where possible, as long as 
they remain consistent with the phylogeny. Wiley (1981) 
incorporated this in his 'convention 2' , and Funk (1985a, b) 
also recognizes that the actual ranking is not important, but 
that the most important criterion should be monophyly. As 
8 . 1 8 . 2 
Figure 8 Sequencing criteria . According to the various systems the 
following classifications are achieved: 
For 8.1 For 8.2 
Hennig 
A-E 
A 
B-E 
B 
C-E 
C 
D-E 
D 
E 
Wiley 
A-E 
A 
B 
C 
D-E 
D 
E 
Hennig 
A-E 
A 
B-E 
B 
C-E 
C-D 
C 
D 
E 
Wiley 
A-E 
A 
B 
C-D 
E 
C 
D 
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a result she favours large monophyletic genera (such as 
Erica, Disa s.l., Eucalyptus) rather than attempts to split off 
as many segregates (which would each be monophyletic), 
leaving the trunk of these large genera paraphyletic. The 
dissection of large well-known genera into numerous small, 
difficult-to-distinguish little genera, with attendant nume-
rous name-changes, is also considered unnecessary. 
Calculation of anagenesis 
Most cladistic methods do not pay any attention to ana-
genesis , and the study of the degree of divergence from the 
'urtyp' or the groundplan has been defined out of existence. 
The Wagner groundplanldivergence method graphically 
displays the degree of anagenesis of each taxon. Anderson 
(1979) elaborated the derivation load concept, in which the 
maximum and minimum derivation load for each mono-
phyletic taxon is calculated as being the percentage ap~­
morphic character states, taking into account also the den-
vation load of the ancestors. Although the method is crude, 
it does give some account of anagenesis. 
Reticulation 
Nelson (1979) suggested that reticulation, and conse-
quently hybrids, cannot be analysed cladistically. How-
ever, especially in botany, hybridization and reticulate 
evolution does occur. This subject was discussed at length 
at the second conference of the Hennig society (Platnick & 
Funk 1983). Early discussion was about how reticulation 
could be presented. Platnick (1979) suggests that tri-
chotomies be used to indicate hybrids, but this leads to a 
loss of information, as the parents need not be sister taxa . 
This would consequently lead to many homoplasies on the 
cladogram. Humphries (1979) showed hybridization by 
linking species above the cladogram, while Bremer & 
Wanntorp (1979b) produced reticulate cladograms. Com-
plex reticulation cannot be shown, but there appears to be 
no problem with simple reticulation (see Figure 9). 
By the 1980's fundamental questions about the relation-
.ship between data, postulated hybrids, and reticulated 
cladograms were being addressed. 
Wanntorp (1983b) argued that the cladogram must re-
flect the pattern in the data, without the operator having 
presuppositions about the occurrence or otherwise of re-
ticulation. If reticulation was the most parsimonious solu-
tion, then this should be presented so in the cladogram. 
Nelson (1983) supports this position, suggesting that at first 
a cladogram should be constructed without reticulation (his 
1979 position), then reticulation should be added where it 
will be more parsimonious (see also Bremer 1983). 
Humphries (1983) presents another opinion, closer to 
that of Wagner (1983), and possibly one that is more com-
monly in use, that hybrids are recognized independently of 
the cladistic analysis, and are drafted in on the cladogram 
subsequent to its completion. Humphries (1983) suggests 
that this 'post-hoc' reticulation may not be more par-
simonious than trichotomies, or other presentation, but 
present the cladogram more as a phyletic tree. Humphries 
(1983) suggests that if the cladogram were to be treated 
purely as an 'informative dichotomous tree', no reticula-
tion would be included. 
Taxonomic applications of cladistic methodology 
Cladistic analyses have been used in a wide range of studies, 
from character analyses, to investigations into the most 
likely placing of taxa, to grouping of species, genera, 
families or classes. Below I shall give a short summary of 
applications, with some examples. . 
Taxonomic studies have been the most common, usmg a 
wide range of methods. Duncan (1980a) and Campbell 
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Figure 9 Reticulation. Taxon X is a hybrid, the character distribu-
tion is indicated by the lines and numerals, and is given in Table 5. 9.1 
indicates a trichotomy (7 steps long, with two characters homo-
plasious); 9.2 shows a reticulation (5 steps long, no homoplasy); 9.3 
and 9.4 show linking the hybrid with either parent (6 steps long, 1 
character homoplasious) ; 9.5 shows a hybrid between groups. This 
shows that trichotomies are less informative than reticulations . The 
balance of advantages between 9.2, 9.3 and 9.4 would obviously de-
pend on the distribution of characters. 
Table 5 Characters distribution for Figure 9. '1' indicates 
presence of the character (apomorphic) while '0' indicates 
its absence (plesiomorphic) 
Taxa A X B 
Characters 1 1 1 1 
2 1 1 0 
3 1 0 0 
4 0 1 1 
5 0 0 1 
(1986) performed analyses on species groups. Studies on 
genera, using species as the terminal entities, were under-
taken by Stuessy (1979), Humphries (1979), Nordal & 
Duncan (1984), Weston et al. (1984), Bremer· (1976), 
Anderberg (1986) and many others. These studies have 
used a variety of methods. Several studies have used genera 
as the terminal units, although they are not as frequent as 
the specific level studies (Linder 1984; Kiillersj6 1985; 
Jones & Young 1983). Linder (1986) used an analysis ofthe 
genera of the Orchidoideae as a preliminary analysis to 
assess the strengths and weaknesses of the existing classifi-
cation, and to determine which data sets might be valuable 
in future, more detailed studies. Analyses of tribes , families 
and higher order taxa have been relatively numerous 
(Dahlgren & Rasmussen 1983; Dahlgren & Bremer 1985; 
Rodman et al. 1984; Mishler & Churchill 1985; Crane 
1985b; Bremer 1987). This latter field appears to be quite 
popular. 
Cladistic analyses have also been used successfully to re-
solve the position of difficult taxa. A good example of this 
research field is probably that of Cantino (1982). 
For analysing specific character sets it is a very useful 
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method. It shows the relationship between the postulated 
evolution in the structures studied and the phylogeny of the 
study group. Conversely, the phylogeny can be used to 
assess the homologies within the studied structures . 
Rasmussen (1985) used the Hennigian argumentation 
system to interpret the evolution of the caudicals in orchids, 
Linder & Ferguson (1985) used a similar method to assess 
the importance of pollen structure in the evolution of the 
Poales and Restionales. Ladiges (1984) assessed the homo-
logies within the trichomes and glands of several genera of 
Myrtaceae. Richardson (1983) and Seaman & Funk (1983) 
analysed phytochemical data. 
The study of amino-acid and DNAIRNA sequences is an 
indication of the phylogeny of the organisms and is closely 
related to cladistics. Early studies were by Penny et al. 
(1982), and Martin & Dowd (1984) have used it in studies 
on plant families. This is now an important and rapidly ex-
panding field. 
Cladistic analysis of a group is very valuable as a pre-
cursor to studies on the adaptation of structures. It is 
argued that only autapomorphic structures can be expected 
to show adaptations that can be related to the exact life-
style of the taxon under study (Wanntorp 1983b). Nume-
rous studies have been performed where a cladistic analysis 
is related to a biogeographical analysis - this could form 
the subject of another review. Cladistic approaches can 
also be used for combining data sets from morphology, 
paleaontology and ecology, to construct evolutionary his-
tories of taxa (see Linder 1987). In the study of speciation 
phenomena, cladistic analyses provide a method for deter-
mining which taxa would be profitable to compare (Hart 
1985). 
Conclusions 
Over the last decade, cladistics has become firmly es-
tablished as a new, and often considered radical, method of 
taxonomic analysis. It has coped with many of the problems 
which seemed to be impossible even a few years ago, and 
has shed many of the superfluous concepts and restrictive 
notions. Although there is still the large school of theo-
reticians, fighting over minor and abstruse points, the ap-
proach has matured, and has resulted in numerous excel-
lent systematic papers. 
Cladistics has also emerged as the best method to provide 
basic systematic and phylogenetic data and hypotheses for 
a host of further studies, be they in structural adaptation, in 
structure evolution, in speciation or in biogeography. 
Glossary 
Anagenetic - pertaining to the accumulation of changes in 
ancestor-to-descendent lineages (Ashlock 1974). 
Apomorphy - derived condition of the character, synony-
mous with derived or advanced. Humphries (1979) uses 
the term 'apotypic' . This is a relative concept, the op-
posite of plesiomorphy. 
Autapomorphy - apomorphy peculiar to one mono-
phyletic taxon. 
Cladistic - branching pattern. 
C1adogram - diagram displaying the branching pattern of 
the group under study. 
Convergence - independent attainment of apomorphy 
from dissimilar ancestors (Hecht 1976: 338). This is a 
type of homoplasy. 
Holophyletic - monophyletic sensu Hennig, 1966 (Ash-
lock 1974, 1979). 
Homoiology - characters which appear to be homo-
logous, but which have evolved independently or in 
parallel. It is generally assumed that they are based on 
very similar genetic programmes. Intermediate between 
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parallelism and homology (Griffiths 1972). This is a type 
of homoplasy. 
Homoplasy - resemblance not due to inheritance from a 
common ancestry (Simpson 1961). See parallelism, 
homoiology, convergence. 
Monophyletic - a group in which all members have the 
same ancestor, and which includes all descendents of 
that ancestor. 
Parallelism - independent attainment of apomorphy in 
two independent phyletic lines, but from the same an-
cestor (Hecht 1976: 338). This is a type of homoplasy. 
Paraphyletic - monophyletic sensu Ashlock (1974) . Mem-
bers of group from the same ancestor , but the group 
does not include all the descendants of that ancestor (see 
Platnick 1977 for details). 
Patristic - ancestor--{}escendent relationship. 
Phylogeny - the evolutionary history of organisms includ-
ing either only cladistic data (according to Hennig 1966), 
or cladistic and anagenic data (Ashlock 1974; Mayr 
1985) . 
Plesiomorph - primitive state of character, synonymous 
with ancestral or plesiotypic. This is a relative concept, 
the opposite of apomorphy. 
Polyphyletic - group including diverse elements , derived 
from different ancestors. See Platnick (1977) for a de-
tailed discussion of this very difficult group of defi-
nitions. 
Reversal - a reversion from the derived or apomorphous 
condition to the primitive or plesiomorphous condition. 
Sister group - the two taxa which are derived from the 
same immediate ancestor. 
Synapomorphy - apomorphy which defines a mono-
phyletic group . 
Topology - the shape of a cladogram , with the relative 
positions of the branches, but not taking the positions of 
the postulated character changes into account. 
Unique - a unique evolutionary step is one that has only 
arisen once; a unique apomorphy will only occur in one 
monophyletic taxon. 
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